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Thepresentreport.iie~swiththe.@er@m~cj c~structiv~j
andinstrumentaldevelopmentofa spoilercontrolfor”remote
controlofflyingmissiles.

1,.INTRODUCTION.

Themode’ofoperationofthespoiler.controlconsists,in
principle,ofinduclngseparationofflowatanappropriate~oint
of theairfoilbyELcontrollablespoilerandt~oughitintroduces
,avariationint,helift,henced”contr~leffect.,Thespoiler
oontrolhasbecome.knownthroughtheattemptstoremovethedefects
ofthenormalaileropcontro$of.airpbnes.(Seereferences1,
2,end3.) As simpleandoonvfnolngasthe~oi.lerprinciple
appearsatfirst,a nuderof“tiff.icultiesw,ereencofitemdduring
thedevelopmentofa.apoilor~fleroncontrolf’dyn”ormalairplanes,
whichuptonowpreventedits‘practicalapplication’.’,, ...,.,

,,~ntheremotecontrolofflyingmi,es+l?s,suchasbombs,
qpecialconditionsezeihvolved,‘whlohagainposetthe”question ‘
whetherornota spoilercontrol’”wouldQff,er‘anyadvantageover
thecpntrol’withconventtonaldontrol!~u@&ces;‘Attractive.
characteristics,Qfthespoiler”are,inprincipl~,.,itslowpower
requirement‘~ditslowinbr’tibjbothofwhic~re&ton.thefact
that,cornp’kredto.theoonvention~controlsurfacpa,‘bnlyVery,’.
smallmas”ses(hingedspoilers)needtobeactuated.whfchcanbe ‘
eq,eily designedwithneutralaero@ia@cbalance.‘.. ..“, ..—..—..., 1.

. *%ntwickluti&derUnterbreche,rs@&erungffiferngesteuerte
:FLugk&per...,,-... “ “’Z6ntraleftirwimens.qhaftlio%sBerichtawespn
derLuftfahrtf&sch~des&ne&alluftZ&@meisters(ZWB)3erlin-

‘-w Adlershof,,For~hungsbe&icihtNr.1717j&nuary6,1943.,
. . .,.

..,,-... .,..., :,, ,,,... ,..., ,...,- ‘,:,. ‘.,,.
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Oncea practicallyinertia-freecontroloflowpowerrequire-
menti.savailable,substantialtechnicalsimplifications,particu-
larlyinconnectionwithremotely controlledflyingmissiles,are
possible,whichcollectivelyhavea beneficialeffectonthespace
required,theweight,thecostsandthooperationalsafetyofthe
control.Practicedemandssimpleandrobustdevices.Hence,the
attemptaC@theDVLtodevelopa spoilercontrolsuitablefor
remotelycontrolledflyingmissiles.,

..-
Theaerodynamicandstructuraldevelopmentofa

elementuptoitspresentstageisdescribedandits
applicationdiscussed.

,.,
., ,.,, ,,

,.11.AERODYNAMICDEVELOPMENT,,, . .

syoilercontrol
possible

Frcmthevery firstitwasclearthatthedifficultiesof
thedevelopmentandtbecompletionofa newtypeofcontrol hadto
besimplifiedbyreabonofthefactthata~over+-alldesignofthe
flyingmissilewasclioeensothatthesamecontrolelementcould *
beuniformlyutilizedforthecontrolaboutallthreeaxes,sothat
noseparatedevelopmentforaileron,elevator,andrudderwasrequired.
TheresultWasa tail-unitdnn.zcture.ofthemissileaashownin v
figure1}consistingofSIXidenticalcontroldemerits.Toprevent
interferenceeffectsandalsotesuppresstheangle-of-yaweffect,
thecontrolelementswere,atfirst,fittedwithend”platos.

Knownuptokhenwasthemountingofa spoilerontheupper
surfaceofthewingatabout1~~percentofthechord(fig,3(&t)),
Thisarrangementensuresadequatespoilereffecti~enessathigh
ang~qsofattack,butunsatitifactoryatlowangles, $ince the
angleso,fattaok”atthetailunitare $maIJbecauseofthedownvash
ofthewings,,and’because’constanteffectivenessofc’wtrclinthe
.poslti?e&ndnegative:x%ngeofanglea,ia&pePa%i,veja thick
8ymmetrica~”profi16was”chosenfirstforthecbn$rol”element
(25~~~c6ntWickwiththemsximumthigkneesqt!l.Opercentofthe
chord)anda spoiler”providedontheupperandlowersurface
(Zigs,3(b)”and14).Testsestablishedtheposttionofthe
spoilerofmqximuw:efficiencyatabout50percentofthewj.ng
chord.:Inviewofcmistruction.diffic+.tiesonlyone””spoiler
width,,50pproentofthocontrol elementspan,waschosenatfirst,... . ...

Thefun&mentalbehaviorofsueh:~sppil~~1,sindicatedin
figure2, Itisseenhowupto.a certains~oilerheightthe
spoileri’sifioffcictive”(bouixlary-lqyereffect)apdfrequently
e,venproducesa slightcountereffectfollowin$a“steeprise.

,:

;,
.,,. ..
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inactionuntil,aftercorn@etebreakdown~fflow$theeffectofa
furtherincrease in spoiler heightissmall’.!I@eheight‘atwhich
practicallyW aerodynamicactionisattained.,, ishereinafter
termedthe“requiredspoilerheight’’azzdtliFheightatwhichno
positiveaction occure yet, @e “permissiblespoi+erheight.”.’3.

Thespoilerpathsrequiredprovedthemselvesko greatforthe
arrangementofFigure3(a)andforelectricaloperation;thatis.,the
powerrequiredandthoinertiaofthespoilerdidnotyetper@tihe
subsequentlydescribedext~melysimpleremoteccmtroldesign.At
thisstageofdevelopment‘thefollowing reflectionresultedinsome
progress(fig.3(c)):”byconnectingthe”spoilersofbothprofile
sidesandlettingtheminrestpositionex~efidtheprofilebythe
permissiblespoilerheightplushalfthespdlerpath,ityield&for
each&gnetonly”h~thel,ift,.that.is,atleasta doubledrating
factor

Acfik
w=—

,. UL

Aaa aerodynamicactionofthespoiler

K actuatingforceofspoiler

u change-ov&period.atsuddenchange

L powerinputofdrivingunit,, ,.,

ofCommmd

Theimprovementissecuredbysnincreaseinaerodynamic
resistanceatneutralspoilersetting,hence,applicableonly
wherethedragoftieccmtrolis unimportsnt”(reference4).

Iftiedevelop.ment,knd‘tivolveda controlelementfornormal
flyingSpeeti,+, tinsn”’&earrangementoffigure”3(c)would “
havegivensatisfactory.reeults,sinceitaffordedpractically
usefulspoilerpathsevenatlowMachnumbers(M<o.6).
Butthedesignproblemonwhichthecontrolwastobeuqed
calledfora speedrangestartingat M% 0.3 andulthateQ..‘.+
extendingbeyoqdsonicvelocity.E!xperimenttiathighflow
velocitydiscloseda relationshipbetweentherequiredand
thepermissiblespoilerheightandtheMachnmiberinthe
sensethatbothvaluesdecreaseathighMkchnruibers;thatis,
lessheiglhtisnecessaryathighMachnumberstosecurecomdete

4 separati~offlow,but-elsoo&y
permissible,ifnodistuf%anceis
isshowninfigure& onthebasisu showsthecriticelMachnumberat

a lesserspoilerheighti=
tooccur.Thisrelationship
oftestdata.F@,u?e4 S.hO
whichtheflow,evenwithout
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spoiler,breaksa~y fromthe,rearportionoftheprof$le~hence)
wherethecontiolfallsforaercxiynamicreasons, < ,,., .,

‘ Atthisstagea waytoremovethese’difficulti~~wasfound
intheaerod=io fixingofthebodydesign.The consideration
initiatingthisimprovementrested’ontheobservationthateven. .
atthehighestMachnumberinvolvedfortheparticularprofile
smallspoiler,heightawerestillconsistentlyovercomewithout
.dis’turbance.Accordingly,ithadtobepossibleto-increase
tlieperrriimible,thatis,nondisturbingspoilerheight(in,@ns
oftheorigj.nalprofilecontour),whenthespoilerisfdiredin
neutralposition,thatis,givenanaergdyha~ioally”beneficial
profilestepatthespot~erlocation(fig,3(d)),Such_a
profilestepprotrudinginthehighestpo@t‘of.th6stepwas
boundtomakethespollormoreefficientbecauseit”~wers
thethicknessoftheboundarylayerand.producc%”ahigherincreade
ofspeed.Theonlyprcblemwasto.findthehei~t,ofthisstep
withoutinducingseparationatthehighestMach.n~b_erspermissible
forthepartic~larProfile.Figure5representstheresul.tfor
thebeststepadaptedtothh profile.Cquparison.oftheresults,

.

withandwithoutstep,disclosesthemarkedimprovm_entsecured
bythestep(fig.6). Therequiredspoilerpathwasreducedto
aboutonethirdofthevaluewithoutstep(reference~).

w

Aside”fromtheprincipalimprovementofthespoiJ.erthemud.
meansforreducingtheMacheffect-suchasreducingprofilethick*
nessandcamber-weretestedstepbystepand&&ptedtothe$poiler
requirements.Thustheori@.nalprofile~hicknesaof~ percentwith
40percentchordlocationofma@numthicknesswasmodifi.edbyan
extensionina,16.6-percent-proffie.~i~ thic~es’s”at.63perctit
ofthechord,we prc?’~lscambernearthetrailinge-tiebeingremoved
byappropriatelyinc:se~ed.trailtig-edgp.tiicbess(fig.7).
Figures4, 5,and6 indicatemeasurements,withthisprof,ile,!l?he.’
fncreaseintra~ling-edqe thj.ckness is involvedonlywherethead.ditiomil
resistanceofthecontrulplaysnopart”,‘-~sewhpre&6’thick6nin.& -—
upofthetrailingedgemustbereplacedbyaninc,reaseinprofile
chord.

Ittooka numberofpreliminaryteststofinda sulta~le
shapeoftheswept-backcontrolelement.Atfj.rsttheelement —
wassweptback,asa whole(fig.8)anditwasfoundthatthe
sweepbackmakesthespoil.er”veryquicklyineffective.At 30°
sweepbackofthetotalfin,thespanofspo$lerhadtobe
doubledandthedeflectionincreasedhy~ percentthcome . —
anywhereueartheeffectoftheoriginalelement.At45°
sweepbacknoappreciableactionisattai,~bleeyenwithdoubled
deflection,Anyhopeofworthwhileincreaseinthecritical

..v
Machnumberbasedonthesweepbaokwasabandoned.
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Facedbyth&sefacts,thefindesign(fig.9), waschosen;
theleadingedgehada &jOsweqp,bac~,~hp,enddiskinthe
forwardportionof~~%.profilewasremoveda&l”th&outeredge
suitabl$’rbtmded‘off.Thethenuhrestrictmd‘lateralflow-off
togetherwiththe45°swept+%ackl$a#ingedge”andtheadditional
decreaseinprofilethicknessof$h~::$niidti)partpr~ducedfavorable
approachflow-conditions.ButastherequiredcriticalMaciifiber’
couldstillDotbereachedwiththisarran&ment,the trailing
edgowasthickenedupToreandSQthefuhdainentalbehaviorof
figure10ascertained;thatis,a thicktrailingedgepromisGs
adequatespoilereffectivenessbeyondthet%~tragge~subsonic
windtunnelspermitmeasurements@v upto “M%0,9),a thin
trailingedgosufficienteffectiveqosswithintherangeof
measurement.,Thesame’holdsfor”acorrespondingvar3ationof
theheightofthestep’(fig.11)althoughnotto.thesameextent..
Thenextstageofdevelopmentinvolvedthesteady”variationof
thetrailing~dge”thicknessandthw’stepkei~htwithinthespen”
ofthecontrolelernentj’whichyielda practlcalcontrolcharac-:’.
teristic’forhighandlowMachnumberg,sincethecharacteristic
ofthediffbreritpro~ilesissuperposed.Asthesuperposition
isattheexperjsoofcontrolelementauction,itmaynotbe “
pushedbeyondthereqtiiromentsfordesignaccuracyandreac.tlon’
timeoftheparticularmissile.Figure12presentstheresult““”~
ofa measurement“on&controlelementwithcontinuouslyvaryi~
trailing-edgethicknessandheightofstep.Comparisonwith-
fi.~e6 disploseqtheextehsio~ofthepracticalspeedrange’“ “
at the.eXpo”nSeoftheaction(reference6)0 . .

.“. .
Inthemeasurementsrepree~ntedinfigures4,5,6, 10,.11~”-

and12,thesfioiler“wasreproducedbysuperimposedangles.The :
effectoftheAlothecossaryfortheexitofthespoilerfrcm .
theprofileconteurisitiicatedirifigure13, Itipseenthat
thesW% smoothestheactioncurves,thatis,theactionpeak .
●ccurringatcertainMaclInumbersismoderatedand’a?wactically
moreusefulcharacteristicisattained. .- ., .... ,.,, ,.

Themeasurementsforthef@re& k,5,6,10,11,E, 1;, -a~d24
arereproducedonlyforangle‘ofattacka = 00,,:sincethe” “’”
h-~y dematidsonthehigh-spesdtunnelOftheD~ permittedrid””’-‘
systematicvtiiationovertheangle-of-attack.range.Semplidg
at a= 3° and a= 5° disclosed’noappreciablerelation
betweenspoileractionandangleofAttack..

A controlelwientdesfghedon thisbasiswasflight-tested
(twoflighttests)andproved~tisfactorybeyondthetest
rangeof’”thehigh-speedtunnel’uptktheterminalvelocityof’
ssymetem’per”~edond:redchedthus:far,ttiat”j.s,”upto”aMach.
numberaf0.98. ,..,

.

..
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III.CONSTRUCTIONOFSPOILER~

.:, .

Figurelk’raprese~tsa sedi.gn&drawingofthe.speiler
tendered%7theDVLin1939toa manufacturerfora missilo
of2.5Wkilogramstotalweight:figure15“show8thecorresponding
controlelement~acctidingtothestateofd.e~elowefitatthatt~’.

Thee~ement“(fig.16)consistsinbothcasesoftwobell-
shapedmagnetsandtheoscl”llatinga~.tfie..l?etveen&h.e~g~ts>
thecasing,andtheelasticallysupportedparallellMca$e.
Allrnovingpartsweredesignedfor minimuqweight.Inthe
firstversion.thespoilercasingsta?npad”fdomO.~millimeter
sheetiron, Thesafeloadingofthespoilerplatewas10kil~
grams.ThQtotalweightofthemovingpartsamou~~e~toabout
50grams.Fcra spoileryathof~3,mi121rneterstQiselement
changesoverfromcompletedeflehionQfonesideto”thetither
inabout 1/100 second,providedthatmagneticl.ag”i~avoided
byappropriato~ydesfgnednmgneticcircuit”.’Thp.p&@,inpu>
requiredis5watts,andthesmallest~gneticelev8t@”forGe~”.
0.3kilogramsThespoileris-aerodynamicallyiqd}fferen%; *“-
thatia,thereisnomeamreablevariationoftheactWti%-

.T-

forceoftkespoilerbyaerodynamicforceswithina djmb.?nic
pressurerangeofO toXOO kilogramspermet8r2t._-,: v_,..

Essentialwastheproblemofthe’neoessary.,ac@atingforce
whichdefinesthepower.lnputrequiredfo&giv$g~p,@lerpath.
Sincenodifficulti,eaareinvolvedi?fhddesigq,ofa:n.aer~
dynamicallyindifferent’spoiler,,itrequires,ip~rinciple, only
themagneticforcewhich,safelyovercoyestheelast$cresto.rjng
forcedof.thefrictionless~rallel;lfti~ge.’.,~herigidityof
theelasticparallellinkageitself~,isgovernedlargelyhythe
ohang~verperiod.rbquitiedandthe$levat.ormass~s___ .... ,:

‘Thefirstversion(fig,~6)wasdeteloped&& ~h&epoints
ofview.T~t is,itwas’aerodynmgicallyneutral~theparallel
linkageavoidedeverybearingfriction;a hot-airhe~tingsystem
exhaustingatthespoilers~ots,pre~eti%d.ioingandpenetration
off’creigno%jeotsw“ithincertainltmi{s’;andthema$~tic
elevatorforceof0.3kilogrammin@~ valuewas~afalyable
to.overcopwtheelasticforcesofthe~alleltlin?mge.,

i,,,.,,~,
Altho&hextensiveflighttesti~’”ofthiscontrol element

hassofargivennboccasiafori$,j.tmaybeobjectedthat
penetratingdirt.uightcausethespoilertostlokor.atleast
impedsitsfreedcmofmovemezit.TheIN%hasthereforechecked
thewaysinwhichtheoperatingsafetyofthespoilercatibe

.
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fo~ingwithoutvitiatingtheother.already
attainedperformances.‘Onepossibilityconsistsinimprowing
themagneticsystemofthespoilerbychangingfrcmflatto
dippingarmat~e(fig.1~).Underotherwiseidenticalassump-
tionstheratioofactuatingforcetopowerrequiredcanb?
raisedbyaboutfourt~s thevalue.

.. ..-.
Butanincreaseinelevatorforcealoneisnotcapableof

preventinganobstructionofthespoilerthroughpenetrating -
dirt;thereforetheDVLcheckedthisproblemfromtheconstructive
sideandreachedthesolutionrepresentedinfigure18, In
thisconstructivesolution theedgesoftheprofilestep,between
whichthespoilermovesatabout1millimeter“clearance~“aye
designedoomblikeofelastlc”mater.ial~~throughwhicha s’ticki&
oftheelevatorduetopenetrationof“foreignbodies”is’g~evented.
Thedesign.oftheteethoftheelasticCombensuresade@ate
rigidityrelativetotheappliedairIoads.Figure18alsoshows
anorigi~,llynotprovidedhousingofthema4netslds. Pene- .
tratingdirtcanthusnotobetructthemagnetamatureandcaWe”1
sticking,atthespoilevslots,Stncetheelasticsupportofthe-.
elevatorwasfromtheveryfirstinsensitivetodirt,allsensit~ve
pointsofthespoileh+rethusprotectedandthedangertooperatirg
safetyduetodirtisprecluded.(Seereference 7.)’ ~ .,

ConsideringthdttheweightofthemovingpartsCE!I!stillb~’..
considerablydecreasedbytheuseoflightalloysandinthe “
latestversionthespoilerpathwasloweredfrom~s millimeters
to*2 millimeters,itse,emsentirelypossibletodesigna spoiler
element “ofthedescribedorderofmagnitudewithl-wattto2-watt
horsepowerforabout5/1000secondswitch+vertime.

~, POSSD3LJZAPPLICATIONSOFA pRACTICuyNON-INFRTIAL

ELEVATORWIT3LOW-POWERREQUIREMWT
.-.-...

a.RemoteControlofFlyingMissiles
,.

:.

Theuseofthepracticallyinertia-freq,elev@oronremotely,
controlledflyingmissilesaffor@&fundamental-simplification
oftheremotecontrol,Thenormalelevatormust,withregard
toitsinertia,be controlledinrelationt.othedeflection; ‘
thatis,toeachsignal(orccamand)oftheremotecontrol there
correspondsa definiteelevatordeflec$,ion.A continuousvariation
oftheelevatoractionth&eforerequiresa devicethattransfomns
theoncomiugelectricccpmandincorrespondingelevatasettings.

. .
,.’,

. .
,7
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Onthepracticallyncn-inertialelevator,however,evmy ,
desiredintermediateyalueofelevatoractioncazibeformed .
froma suitabletimesequenceof#’ullelevatordeflections
(fig.19).Tbosolepromiseis.thatthefrequencyofthe
periodicelevatorchangeischosenlargeenoughsothatthe
flyingmissile,owingtoitsLownaturalfrequency,transmits
theperiodicallyrayidlyvaryingfullelevatordeflections
satiefactori.ly.Sucha controlt~ereforerequiresforcon-
sistentvariationofoontrol act~onnointermediatedevice
fortransformingtheorderinthedesiredelevatorsetting,
aethepracticallyinertia-free“elevatorbyutilizationof
theinertiaoftheflyingrnjssiletakesoverthetransfomnat$on
itself.Inotherwords,onthepracticallyinertia-freeelevator -
theconsistentcoritrolincontrasttotheelevatorafflicted
withinertiarequiresnomoreeffortt~ a@.n@e llyeslI- ~%or)
control.‘Thusthereceivercanbec,utindirectattheelevator
asinthesimple~~on- off!’c~ntrol.(re?e~ence8). _.

Thepreviouslydescribedspoilermec&nism(fig.16)was
installedona flyingmissileof1500kilogramstotal-weight
andthereceivercutindirectattbeelevqtor.Themodulation
frequencywas5 Hz;thema$xhmunnatural,frequency.ofthemissile,
about1 Hz. Themeasurementsindicatedsatisfactoryfunctioning
ofthecontrolandextensiveflighttestsdisclosednoobjections
{reference11).

b.ArtificialStabilizationofFlyingMissilee

Remotelycontrolledflyingmissilesfrequentlyrequiro
artificialstabilizationofonebodyaxis,preferablythelongi-
tudinalaxis,whentheygointentionallyorunintentionallyina.
dive,becausethopureaerodynamicstabilizationofthelongi-
tudinalaxis- duet.ogravity- failsina .yerticaldive.The
simplestformofsuchanartificialstabilizationoftihelongi-
tudinalaxisconsistsinconneot.inga “position”gyroscopein
theaileron.Theelementaryformofstabilizationisfndicated
whenthealwaysavailableaibdampingissufficienttodampout
externaldisturbancesquickenoughandtheelevatorreversal
Lintervalisshortenough’sothatthephasedisplacementbetween
theccmuandofthegyroscopeandtheresponsetothecommandby
theelevatorresultsinlowandpermissibleamplitudesofthe
stationaryrollingoscillationaccompanyingthistype--ofstabUf-—zation.

Foranabmptconnectingcontrol correspondingt~-the
spoilerthestationaryamplitudeoftherolloscillationwith

:-

V

-..

.
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stabllization
h:

h

,. .. ,. Y. .. . .
.,

of,.tholongitudinalaxialwItlzoutartiftciald&ping.:. ... .=.,’

q =i14*4= .::,’.”.’O-. :“
MD ..-,-..

,.,
—

f? amplitudeofstationarystabilizationoscillation(9) ‘.;
,, ,,.

% aileroqmomentofelqrator.coullingabruytlyto
.,..

max~umvalue(m@)
.

At ttieintervalbetweenswitch-overcommandof~cacope
andactualrovemulofailort-tnmomeat(s)

,-
~ % : ,,aerodynamicconstantofdampi~~lnro~ (mkgs)at @ = 1)

,
Thenecessaryaileronmomentandtheattainableaerodynamic

dampi~:inroll~areusualiyfixedwithinmrzmwMmite for each
project”..Buttheswitohing-overperibdcan beconsiderably.
loweredwiththeintroductionofthespoilerInplaceof.the~
normaloontrol.ThisexplainsW4Ythesimples~formofdabili-” - —
zationofthelongitudinalaxisbypo8itiongyroeoopeanda~ler.on
withthespoilarisapplicableevenincbseswhereWiththeuse
ofa po~malcontrolthiswould,notbepermissible.. .’” .,

,..

Inthenumericalcomparisonofthispossibility& specific
pro~ectsitistobebornefnmindth&tthenormalelevator“2
aerodynamicallycouplesal.most.freefrominertia,whilethe I

spoilerhasanaerodynamiclag(reference3), Theidealvaluefor
theairtightspoileris .

At =Atmec~+

Atmch mechanicallag

Ataerody aerodynamiclag

(s) ,

(s)

.. . .

e. - distancespoiler-profiletrailingedge(m)

v flyingspeed(m/s)

Thisaerodynamicinertiaofthespoilerdoesinnoway,
however,balanceitsluweredmeohanioalInertia,butsimply

..
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thegainsecuredonthemechanical.sidea little.In
necessitytheaerodynamicinertiacanbeconsiderably
withoutotherdrawbacksb.ytheinterrupterDermeablo

toair(references,9,and12),- ‘- ‘ ,

c.ArtificialStabilizationofControlDirection

Onflyingmissileswithaxiallysymmetricaleffectivewing
system,suchascrcmeorannularwings,thestabilixtionof
thelongitudinalaxiscanbeavoidedincertainuond-itionsin
favorofstabilizationofthecontroldirection.Forinstance,
ona bombsuchasinfigure20, it is completelyimmaterial
whetherthemissileturnsaboutitslongitudinalaxleinf13.gilt
ormaintainsa certainposition.Thesoleessentialisthat
therequiredcontroldireotionbemaintainedindependentofthe ‘ . -
rotation,Wat is,atanyinstantassuredbyactuationofthe
correctelevator.Such”’acontro>requires-n~ail~rbn,but
merelya positiongyroscopefittedwithan.elev~toz.selector
(fig.21),hookedupcorrectl.yinthe controloftheflying
missile.To obtainylththetwocontroldirectionsprescribed’
bythetailunitanexactpositionoftheresulttngcontrol

w.

directions without.additionalequipment,themisafl.lemustturn
fastenoughthro~ correspondingtwistofthewingincidence
andthusgivea satisfactoryaveragevalue formation.adaptedto w
thedurationoftheccmmmd.Thepositiongyroscopeisso
connectedbetweenreceiverandinterruptereleqentsthat,for
instance,atthesimplestversion(fig.21) theelevatorremains
switchedonaslongasitremainsinthequadrantof&’j”while
themissileturns.Ifthemissileturns further,thegyro
stabilizedcollectoractuatestheelevatorente~lnginthese
quadrants.Inthedesignofthecollectoroffigure21,the
adaptionefthecontro~ directiontotheexpectedd.@ectionis
stillsteppedvetiya&u.ptlyandcorrespondsinnowaytothe
theoreticallyrequiredsinelaw.Inthearrangementoffigures22
and23thaadaptationtothetheoreticallyrequiredsinusoidal
forcedistributionisfurtheradvancedandsufficient,asa rule,
forpracticaldemandsincc@binaticnwiththestatioiumyrotation
aboutthelongitudinal.axis.

Theuseofa normalelevatorwiththiscontrolintroduces
difficultiesduetotherelativelygreati~ertiaoftheelevator,
whilethespoilercontrolwithitslowedinertiausuallyoffers
noobstacletotheapplicationoftheartificialstabilization
ofthecontroldirection.Onecanevengofurtherandsuperimpose
theshnplestrsmote.controlwiththeartificialstabilizationof
thecontroldirection,whichthengivesth~”simplest~ginable

.

.
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stabilizedremotecontrolforaxiallysymmetrical
syst~, Thiscontrolrequiresonlythereceiver

effectivewing
ailda pOBi$$06.

11

~oscope;aileron,dampinggyroscope,camandtransmitterfor
theelevatorsand,.incaseofnecessity,theservanotorofthe
elevators areeliminatedthroughutilizationofthelowinertia
and thesmallpowerrequirementsofthespoilers.Sincea
positiongyroscopeinitufunctioningissubstantially’less
susceptibletorevolutionsperminutedecreasethana damping
gyroscope,thepreviouslystartedgyroscopecan,forshortflights,
bemadetorunfree.Theeliminationofthedampinggyroscope
inthiscasealsoobviatesthegyroscopebatteryandthegyroscope
transformer(referenoe 2.0).Theunusually low powerrequired
ofthecontrolandtheabsenceofallauxilj.aryequipmentmake
itpcssibletousebatteriesoflargestoragecapacity,which
fulfillsanurgentwishofpractice.Th3srotatorycoptrolhas
theaddedpropertyofremovingtrimmingerrorsduetodesign
defectsinconsequenceofrotationofthewholemissile.

Allofthesefactorsdescribedwererealizedina subsequent
developmentofthe1500kilogramrnisoile(fig.20).Itsmaximum

.’. rateofrevolutionwaschosenat1 revolutionyersecond-.The
simpledesignisrepresentedinthewiringdiagmm (fig.21).

●

V.AERODYNMK!RESISTANCEOFTEESPOILERCONTROL

Forreasonsofprincipletheopinionmaybeheldthatthe
spoilorcentrolcouldachieveimportanceonlywhentheaerodynamic
resistanceofthecontrolisofno significanceorevendesired
(thatis,forinferiorglidersordivingmissiles).Forappraisal
ofthisproblem,thelift/dra&ratio(Aca/A~r)of’thecoritrol
elementoffigures7 and7 isshownplottedagainsttheMachnumber
infigure24;A% istheadditionaldragatfullspoilerdeflection
overthedragwithoutspoiler,thatis,thesumofinduceddrag
andadditionaldragproducedbyseparationofflow;Aca isthe
liftproducedbythespoiler.Itisseen thata suitablespoiler
arrangementattainsa lift/dragratioofover4:1evenforthe
unfavorableaspectratiooftheexploredoontrolelement.The
spoilorcan,ofcourse,besocontrolledalsoby increasingthe
spoilerpathsthatItdisappearsintheprofilewheninneutral
position,henceproduoesnoadditionaldrag.Moreoverjitis
knownfromearlierexperimentsthattheaerodynamicresistance
(andtheaerodynamicswitch-oyerperiod)ofthenormalspoiler
canbeimprovodwithoutlossofefficiencyby“properperforating
inthespoilerplates(refWences12and9)w Furthermore,
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fora missilewithgood‘“L/Da moiefavoz%iieaspect-ratioofthe
x

controlelementwillbe.ohose,nthaninthe“presentcaseandthe
cited.thickeningupoftheprofilet~ailinged’ger&placedbya
correspondingIe@heningofthe2rof~lecOtheryossibtlitiesof
loweringtheadditionaldragofthecontrolincludeincrea$ed

—

fuselage length~hence,reducedtall-planerequirtien~,andaubsti-
tutionofoneoftheconyehtio-1two-axescontrolfor~ee-a~es...
control. -.,

II . —
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Rudder control
?T i EIe VatOr control

End plate
4

Figurel.- Tail-planedesignofremotely
flyingspeed.

AiIeron control

controlled

Required spoiler ~
height

I- -+ Necessary spoiler*
path

Permissible
spoiler height

missileofhigh

Spoiler height H +

.

Figure2,- Fundamentalvariationofthespoilereffectwiththeheightof
thespoiler.
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Figure3.- DevelopmentofspoilercontrolforreducingthespoilerpathS. b
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profile of Fig. 7.
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profile of Fig. 7.
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Figure11.- Varjationof elevatoractionwiththeMachnumberfor several
heightsof stepof tie profile.
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Figure13.- Variationof elevatoractionwiththeMachnumberforan
arrangementwithandwithoutelevatorslot.
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H \ SectionA .

Figure14.-OneoftheoriginaldrawingsofthespoilertransmittedOctober15,1939for
quantitgproductiontotheMusW.
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.

Figure16.- Spoilersettingmechanismfor figure15.
[TheGermanfigurefromwhichthisfigurewasmade
wasindistinguishable.]
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Figure18.- Protectionof sensitivepartsof spoilerag~st dirt.
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Spoiler deflection
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Figure 19.- Continuouscommaudtransmissionbyperiodicalreversal
offullspoilerdeflections.
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Figure20.- Aerod@c-titiy symmetricalmissileof1500Kg totalweight
withremotelycontrollablespofler-rotationcontrolforapplicationathigh
Machnumberrange.[l%eGermanfiguefromwhichthisfigurewasmade
wasindistinguiShable~
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(experimentalversion). [Germanfigurefromwhichthis
figurewasmadewasindistinguishable.]
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controldirectiontotheexpecteddirection.
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